Southern French listeners were trained on the word final Standard French /e/-/ε/ contrast that does not exist in their dialect. They learned to associate minimal pairs of new words with visual shapes. Although final training session performance was relatively high, the learning did not transfer to a lexical decision task with phonological priming. Thus successful training on a phonemic contrast did not guarantee the efficient use of this contrast in spoken word recognition tasks. These findings are discussed in light of abstractionist and exemplarist models.
Introduction
Previous research has shown that listeners experience difficulties in discriminating non-native contrasts, particularly when the two phonemes overlap perceptually with a single native phonemic category (see perceptual assimilation model, Best et al., 1988) . Perhaps the most typical example is the difficulty that adult Japanese have in identifying the English /r/-/l/ contrast. This phenomenon has been attributed to the fact that Japanese listeners only have a single liquid phoneme to which both /l/ and /r/ are assimilated (Goto, 1971) . This difficulty has proven to be resistant to long-term exposure, as it still occurs in listeners despite years of experience in the foreign language (Pallier et al., 2001; Takagi and Mann, 1995) .
Despite the robustness of the difficulty, improvements in non-native contrasts identification have been found in the laboratory thanks to controlled training procedures. For example, Bradlow et al. (1997) showed that the forced-choice identification of /r/ and /l/ by Japanese listeners significantly improved after several weeks of intensive training using the productions of five American English speakers. The improved performance level generalized to novel stimuli produced by new speakers, and was maintained 3 months after completion of the perceptual training procedure (Bradlow et al., 1999) . Although their /r/-/l/ identification accuracy increased by about 16% (Bradlow et al., 1997) , the Japanese trainees still performed significantly below a control group of native listeners.
The studies on the training of non-native contrasts generally examined how this training transferred to new sets of stimuli by using a closely matched testing task. Both training and testing tasks generally involved distinguishing between members of minimal pairs. However, few studies have examined the transfer of training to tasks which reflect word recognition and in particular lexical activation, and in which the participants' attention is shifted away from the target phonemic contrast.
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In the present study, we examined the impact on word recognition of training on a non-native contrast. Unlike studies described above, the particular contrast we studied belonged to a non-native regional variety of the listener's native language. Recent studies have shown that perceptual difficulties arise in the native language for contrasts that do not occur in the listener's dialect (e.g., Conrey et al., 2005; Dufour et al., 2007) . In a recent study (Dufour et al., 2007) , we examined the word-final /e/-/ε/ contrast perception that exists in Standard but not Southern French, which only has the close-mid /e/ vowel in this position. We observed that Southern French listeners treated auditory words like [epe] (Standard French form for épée, 'sword') and [epε] (Standard French form for épais, 'thick') as homophones in a lexical decision task. This finding suggests that the words épée and épais are associated with a single phonological representation, namely, /epe/ in Southern French, and that at an early stage of phonemic categorization both [e] and [ε] are assimilated to the same phoneme /e/.
Here, we tested whether we could improve the ability of Southern French listeners to discriminate between the Standard French /e/ and /ε/ phonemes, by means of a training procedure in which listeners learned minimal pairs of new words based on the /e/-/ε/ contrast. Two fundamental questions are raised: Can Southern French listeners be trained to learn the /e/-/ε/ contrast in word final position? If so, can they use this newly learned contrast in the recognition of words they already know?
The experiment involved three phases: a pre-test, training and post-test phase. During the pre-test, participants performed a primed lexical decision task with both minimal and identical pairs. In Dufour et al., 2007, Southern French listeners exhibited shorter reaction times (RTs) to both Standard French forms /epe/ and /epε/ when either the word /epe/ or the word /epε/ was presented first. This phase allowed us to replicate the minimal-pair priming effect found in Dufour et al., 2007 and to confirm that the participants tested did not possess the vowel contrast. During the second phase, participants learned minimal pairs of novel words based on the /e/-/ε/ contrast by associating these words with visual shapes (see Magnuson et al., 2003 for the same experimental design). During the post-test, the same procedure as the pre-test was used to assess changes in the perception of the /e/-/ε/ contrast during spoken word recognition. To examine the persistence of the training, post-tests were administered on three occasions: immediately after the training, 1 day after, and 1 week after. We reasoned that listeners would exhibit no or a reduced priming effect for the minimal pairs of known /e/-/ε/ words in the posttest relative to the pre-test, if the training led them to differentiate the /e/ and /ε/ phonemic categories during word recognition. This is because there should no longer be an exact match between how the word's final vowel is categorized and the representation associated with the target word's form in the listener's memory. Contrary to earlier training studies, the task used to assess change in target /e/-/ε/ contrast perception (pre-and post-test) was different from that used in the training procedure. Using a different task allowed us to assess the generalization of the training to another task and guarantee that any improvement in /e/-/ε/ contrast perception between the pre-and post-test was not due to mere habituation to the task.
Method

Participants
Twenty-four Southern French native listeners randomly divided into four groups of six participated in the experiment. They came from the University of Provence and reported no hearing or speech disorders.
Materials
The stimuli used in the pre-and post-test phases were taken from Dufour et al., 2007 . They included 32 bisyllabic /e/-/ε/ minimal word pairs. For the purpose of the lexical decision task, the material also contained 32 bisyllabic /e/-/ε/ minimal non-word pairs.
The word and non-word pairs were split into two sets with 16 word and 16 non-word pairs in each set. One set was used in the pre-test and the other in the post-test. The presentation order of each set was counterbalanced across participants so that each minimal pair was heard in the pre-test for half of the participants and in the post-test for the other half. The two sets were matched as closely as possible on variables such as lexical frequency and uniqueness point (for words) as well as number of phonemes and overall duration (for both words and nonwords), which are known to affect lexical decision times. In both the pre-test and post-tests, four counterbalanced lists were created from the corresponding set, so that each member of a minimal pair was either repeated or followed by the other member of the minimal pair. Finally, 66 words and 66 non-words were also included as fillers in the experimental lists. The prime preceded the target (i.e., the same item or the other member of the minimal pair) by 8 to 11 items. The items forming a minimal pair appeared in the same positions across the four lists.
For the training phase, 12 bisyllabic novel words (6 /e/-/ε/ minimal pairs) were created. Following Magnuson et al.'s (2003) procedure, 12 visual patterns were also generated and were randomly associated pairwise with the novel words (see Fig. 1 ).
Acoustic stimuli
The six novel minimal pairs were recorded by a female native speaker of Standard French for whom the /e/-/ε/ contrast is preserved. By means of cross-splicing, both members of each pair were made acoustically identical up to the onset of the final vowel. For three pairs, the first part of the /e/ word up to the onset of the final vowel was cross-spliced with the final vowel in the corresponding original /ε/ word. For the three other pairs, the first part of the /ε/ word was cross-spliced with the final vowel in the corresponding original /e/ word. Thus, participants could only rely on the final vowels to distinguish the members of the novel pairs (see Fig. 1 ).
Procedure
Pre-and post-tests measured the priming effect for the /e/-/ε/ minimal and repetition pairs by having participants make lexical decisions as quickly and accurately as possible, giving the "word" response with their dominant hand. RTs were measured from the onset of the test item. An interval of 2500 ms elapsed between the participant's response and the presentation of the next stimulus. If participants failed to respond within 1800 ms from stimulus onset, no response was recorded and the next item was presented. Each group of participants was presented with one of the four stimulus lists. All participants began the session with six practice trials.
Training consisted of six blocks: five with feed-back on the correct response followed by one without. This final block allowed us to assess participants' performance after training. The structure of the training was as follows. First, a fixation point appeared for 1000 ms on the screen. Next, four shapes were presented on the screen, and then participants heard 1 of the 12 novel words. They were instructed to click on the shape that they thought corresponded to the word. In the first five blocks, after each response, the three distractor shapes disappeared, leaving only the correct referent, and the name of the shape was presented again. In the last block, all four shapes disappeared following the participant's response, and the next trial started. Each training block consisted of 60 trials. Within each block, each of the 12 novel words appeared as targets five times. Of the three distractor shapes in each trial, one was the shape associated with the word forming the other member of the minimal pair. The other two were selected randomly from the remaining ten shapes, so that each shape appeared the same number of times per block. The shapes were positioned randomly with respect to each other in each trial.
Results
Accuracy in the training across the six blocks is shown in Table 1 . At the end of the training, participants reached 80% correct responses for the novel final-/e/words and 84% correct responses for those with a final /ε/. This performance is relatively high and reflects the ability of Southern French speakers to perceive the /e/-/ε/ contrast in word final position in this particular training task.
Mean correct RTs for the lexical decision task are shown in Fig. 2 . ANOVAs by participants ͑F1͒ and items ͑F2͒ were performed with pair (same, minimal) and presentation (first, second) as variables.
Pre-test
The main effect of the pair was not significant ͓Fs Ͻ 1͔. The main effect of presentation was significant [F1͑1,23͒ = 35.21, p Ͻ 0.0001; F2͑1,31͒ = 44.06, p Ͻ 0.0001]. RTs were shorter for the second presentation than the first. The pairϫ presentation interaction was not significant ͓Fs Ͻ 1͔, indicating that the magnitude of the priming effect did not vary as a function of pair type. This finding replicates our earlier observation that Southern French speakers treat the two members of /e/-/ε/ minimal pairs as homophones (Dufour et al., 2007) .
Post-test
Only the main effect of presentation was significant [F1͑1,23͒ = 45.67, p Ͻ 0.0001; F2͑1,31͒ = 37.28, p Ͻ 0.0001]. RTs were shorter for the second presentation than the first. Crucially, a combined analysis of the pre-and post-test results showed no interaction between the session (pre-vs post-test) and presentation (first vs second) for the minimal pairs ͓Fs Ͻ 1͔. Thus training had no impact on the magnitude of the facilitation effect observed in /e/-/ε/ minimal pairs.
1 day post-test
As for the first post-test session, only the effect of presentation was significant [F1͑1,23͒ = 20.85, p Ͻ 0.001; F2͑1,31͒ = 34.97, p Ͻ 0.0001]. There was no interaction between session (prevs 1-day post-test) and presentation (first vs second) for the minimal pairs ͓Fs Ͻ 1͔. 
1 week post-test
Again, only the effect of presentation was significant [F1͑1,23͒ = 50.67, p Ͻ 0.0001; F2͑1,31͒ = 49.72, p Ͻ 0.0001]. There was also no interaction between session (pre-vs 1week posttest) and presentation (first vs second) for the minimal pairs ͓Fs Ͻ 1͔.
Discussion
This study has shown that Southern French listeners, for whom the /e/-/ε/ contrast does not occur in word-final position, are able to learn minimal pairs of new words based on this contrast. This finding reflects these listeners' ability to use the /e/-/ε/ contrast when they associate novel words with the corresponding visual shapes. However, our study also showed that participants did not use the knowledge of the contrast they acquired during training in the subsequent recognition of words they already knew. After training, they still treated words such as /epe/ and /epε/ as homophones, in a lexical decision task. Hence, despite training on the /e/-/ε/ contrast in novel words, Southern French listeners did not use this contrast to contact differentially their already existing lexical representations. Our findings feed the debate on the general format of the lexical representations. Some theories assume that word forms are stored in the lexicon only as abstract phonological representations (e.g., McClelland and Elman, 1986) . According to others, all exemplars of words are stored in memory with their acoustic details (Goldinger, 1998) . Our priming results are incompatible with a simple episodic model of word recognition. According to this view, the facilitatory priming effect should have been stronger in the case of a repetition of the same word with a perfect acoustic match between the first and the second presentation than for the minimal pairs. However, even though the acoustic realization of the second presentation differed from that of the first presentation in /e/-/ε/ minimal pairs, the minimal-pair priming effect was of the same magnitude as the identical-pair priming effect. Although there is evidence suggesting that idiosyncratic properties of words are retained in memory and affect speech processing (e.g., Nygaard, 2005 for a review), our results suggest that abstract representations also exist and mediate spoken word recognition. As in other studies (e.g., Bradlow et al., 1997 Bradlow et al., , 1999 , we showed that training to discriminate between minimal pairs is possible. This finding is consistent with both an abstractionist view in which listeners construct new phonemic categories for /e/ and /ε/ during training, and an exemplar view in which listeners store memory traces for each novel word. Interestingly, we showed that the training had no impact on the recognition of already known words. In an exemplar view, this may be attributed to the fact that the memory traces associated with the novel words are both too specific and insufficiently established to influence the recognition of words already stored in the lexicon. In an abstractionist view, the absence of impact of the training may be due to the fact that in the training listeners focus their attention on the sublexical phonemic level as opposed to the lexical level in the lexical decision task.
To conclude, successful training on a phonemic contrast does not guarantee efficient use of this contrast in spoken word recognition. Discrimination tasks generally used to assess changes in the perception of non-native contrasts tend to overestimate the listeners' processing abilities with these contrasts. As pointed out by Dupoux et al. (2008) , it is crucial to test these abilities through a wide assortment of tasks ranging from phonemic discrimination tasks to tasks like lexical decision known to measure lexical activation.
